The quantum-mechanical theory of optical bistability developed in an earlier paper is generalized to calculate the absorption spectrum (gain coefficient) of an optically bistable system in the presence of a weak probe field, The behavior of the gain coefficient on the cooperative branch and the single-atom branch is analyzed in detail. The work done by the external fields on a systern of currents and charges is given by J E d'x, where J is the total current in the system, which can be written dp/dt, where p is the polarization of the system. Hence if we write the external field as E
The rate of absorption of energy from a weak probe field propagating through a medium of strongly driven atoms was considered by (12) and hence the change in the polarization due to the probe field will be (~p& =d((» (t)&+ c. ') =d(e'~'(t&,S'(t)&+ c.c. ),
and ( In rotating-wave approximation and in a frame rotating with frequency &~, the interaction of the atomic system with the probe field (g'&e '" '+ c.c. ) has the form 
and where on simplificatio~z is found to be (Z+ 2)(Z+ y/x)+x'(2-Z -2y/xj (1+x')(Z+ y/x)[(Z+ 2) (Z+ yix)+ 4x'(1 -y/2x)] lt is clear that if S(&d) is positive (negative) then the system absorbs (emits) energy from (into) the probe field. We examine numerically the behavior of 8 for different values of the laser field strengths y. We observe that in the limit of low concentration C -0, our result for the absorption spectrum goes over to the well-known spectrum' ' (Z+ 2)(Z+1) -y'Z (1+y')(Z+ 1)[(Z+ 2)(Z+1)+ 2y'] ' and 2 and 3 and 4 along cooperative and singleatom branches, respectively. The parameter C is chosen so that the system exhibits bistability. Froin these figures the hysteresis characteristics of the absorption spectra are quite obvious. As expected, the main differences between the lowdensity limit and the present prediction is along the cooperative branch.
The absorption spectrum could be expressed in terms of the eigenvalues Ay X2 X3, The absorption spectrum is related to the corre- where the steady-state correlation is to be calculated in the absence of the probe field. Using the system size expansion of Befs. 10 and 11, and following the procedure of I, we calculated both the correlation functions appearing in (28) and we checked that result (26) 
